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five outputs of the synchronous word decision devices, and
an aperture circuit applies an aperture to the output synthe-
sized. A selection circuit fetches only one output corre-
sponding to the change of the apparent synchronous word
after establishment of synchronization. A frame counter
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at the time of applying a narrow aperture. A leading-edge
positioning/column change circuit performs leading-edge
positioning and column change of data to the output of the
selection circuit.
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METHOD AND APPARATUS FOR
ESTABLISHING FRAME
SYNCHRONIZATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to method and apparatus for
establishing frame synchronization, and 1n particular, to
method and apparatus for establishing frame synchroniza-
fion for a high-speed digital signal 1n a digital signal
fransmission apparatus.

2. Background of the Invention

Heretofore, a frame synchronous circuit, as shown 1n FIG.
6, comprises a synchronous word decision device 61, an
aperture circuit 62, an mverter 63, a backward protection
circuit 64, a forward protection circuit 635, a flip-flop circuit
66, and a frame counter circuit 67.

The synchronous word decision device (hereinafter, this is
called a decision device) 61 decides frame synchronization
by comparing an SW (sync word), which is added 1n a frame
inputted, with a sync word held 1n 1ts own circuit. The
aperture circuit 62 applies an aperture to an output of the
decision device 61. The frame counter circuit 67 estimates a
predetermined position of a frame, which will be received
subsequently, at the time of applying the aperture in the
aperture circuit 62.

The backward protection circuit 64 checks whether a sync
word 1s 1nserted at a predetermined position of a frame,
received subsequently, so as to confirm that the sync word
decision 1s the decision to a real sync word. The forward
protection circuit 65 confirms that a sync word 1s inserted at
a predetermined position of a frame so as to confirm the
synchronization also after the establishment of synchroni-
zation.

Frame data, frame-synchronized in the frame synchro-
nous circuit 6 having the above-described configuration, 1s
converted by a serial-parallel converter (S/P) 7 into parallel
digital signals, and 1s outputted.

As one of methods for securing pull-in, there 1s the
method disclosed in Japanese Patent Application Laid-Open
No. 62-122433. That 1s, 1n the method described in this
specification, there 1s provided a circuit for providing vio-
lation of the transmitted code specifications simultaneously
to transmitted codes on specific m (m=1) lines of transmis-
sion paths among 1 (1=22) lines of transmission paths for
fransmitting digital data in parallel. Furthermore, in the
receiving side of the m (m=1) lines of transmission paths,
a circuit 1s provided, the circuit detecting the violence of the
transmitted code specifications. Moreover, in the same
receiving side, means 1s provided for deciding that a time
slot 1s a specific position 1n a frame when the number of
transmission paths where the violation of the transmitted
code specifications 1s detected 1s equal to or more than a
specific value n (n=m) in the same time slot. Owing to these
circuits and means, protection circuits are omitted or sim-
plified. This method 1s called a tolerance system.

In addition, in the method disclosed in Japanese Patent
Application Laid-Open No. 8-30743, each bit of a recerved
signal 1s compared with a plural bit of sync word, which
comparison means holds by itself, in parallel. Since this
comparison 1s performed for all bits of the received signal,
this comparison system 1s called the open aperture system.

Preliminary decision means outputs a preliminary deci-
sion signal to estimation means when the preliminary deci-
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sion means detects bit discrepancy, whose number 1s equal
to or less than a first predetermined number, from the result
of comparison means. With corresponding to the input of the
preliminary decision signal, estimation means estimates a
signal position, where a sync word will be inserted, in the
next frame of a received signal.

Decision means obtains the result of the comparison by
the comparison means when a positional signal, that 1s a
received signal estimated by the estimation means, 1s input-
ted. Then, the decision means decides that the frame syn-
chronization 1s established when detecting the bit
discrepancy, whose number 1s equal to or less than a second
predetermined number that 1s different from the first prede-
termined number, from the result of the comparison. This
system for performing comparison with the sync word on
the basis of the estimated position by the estimation means
1s called the narrow aperture system.

The above-described conventional frame synchronous
circuit treats a high-speed digital signal that 1s at nearly 100
Mbps. A device treating this high-speed digital signal is
required to have a very short propagation delay
characteristic, and should have large capacity of memory
and the like. Therefore, the device treating the high-speed
digital signal becomes expensive, and 1t 1s difficult to get the
device.

In the device treating the high-speed digital signal, the
higher the speed of the digital signal 1s, the more the number
of switchings per unit time increases, and the power con-
sumption at the time of switching and heat generation due to
this power consumption increases. Therefore, cooling
becomes necessary due to large ordinary power consump-
tion and heat generation, and hence an apparatus becomes
large.

On the other hand, the frame synchronous circuit becomes
complicated 1n many cases and treats a high-speed digital
signal before serial-parallel conversion. Therefore, the frame
synchronous circuit performs parallel processing by per-
forming the serial-parallel conversion of the high-speed
digital signal for improving the above-described problem.
Nevertheless, it 1s necessary to establish frame synchroni-
zation before the serial-parallel conversion.

SUMMARY OF THE INVENTION

An object of the present 1invention 1s to provide method
and apparatus for establishing frame synchronization that
can minimize the number of devices for treating a high-
speed digital signal, without deteriorating frame pull-in time
and an erroneous synchronization rate, promote cost reduc-
fion of an apparatus and availability of parts, and can
decrease power consumption and heat generation of the
apparatus.

A frame synchronous circuit according to the present
invention 1s a frame synchronous circuit that receives a
high-speed digital transmission signal, where sync words,
cach composed of plural bit, are periodically inserted, and
establishes frame synchronization. Thus, the frame synchro-
nous circuit converts the high-speed digital signal into n (n
is a positive integer) lines of parallel digital signals, and
establishes the frame synchronization by n synchronous
word decision devices on the basis of the parallel digital
signals. Furthermore, the frame synchronous circuit per-
forms leading-edge positioning and column change of data
in each column according to outputs of the synchronous
word decision device.

Another frame synchronous circuit according to the
present 1nvention 1s a frame synchronous circuit that
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receives a high-speed digital transmission signal, where
sync words, each composed of plural bit, are periodically
inserted, and establishes frame synchronization. Thus, the
frame synchronous circuit comprises: conversion means for
converting the high-speed digital signal into n (n is a positive
integer) lines of parallel digital signals; n synchronous word
decision devices deciding the presence of the frame syn-
chronization so as to establish the frame synchronization on
the basis of the parallel digital signals converted in the
conversion means; and means for performing leading-edge
positioning and column change of data in each column
according to outputs of the synchronous word decision
devices.

That 1s, the frame synchronous circuit according to the
present 1nvention comprises a serial-parallel converter con-
verting the digital signal into n lines of parallel digital
signals, and a frame synchronous circuit performing the
frame synchronization after the serial-parallel conversion in

the serial-parallel converter.

The frame synchronous circuit has n synchronous word
decision devices, and function for checking whether a sync
word 1s 1mserted at a predetermined position of a frame
subsequently received so as to confirm that the sync word
decision 1s a decision to a real sync word (a backward
protection function), and a function for confirming that a
sync word 1s 1nserted at a predetermined position of a frame
so as to confirm synchronization also after the establishment
of synchronization (forward protection function).

In addition, the frame synchronous circuit comprises
means lfor deciding after the establishment of
synchronization, 1into what kind of sync word an apparent
sync word changes, and means for performing the leading-
edge positioning and column change of data in each column
according to the decision.

Owing to this, a circuit treating the high-speed digital
signal becomes only the serial-parallel converter having
simple circuit configuration. Therefore, since the frame
synchronous circuit having complicated circuit configura-
fion 1n many cases treats low-speed digital signals that are at
the 1/n speed of the high-speed digital signal, 1t 1s possible
to limit devices, treating the high-speed digital signal, to a
minimum.

Here, with depending on distribution of sync words to
cach column due to the uncertainty of the serial-parallel
converter, the apparent sync words change in n kinds.
Against this, the frame synchronous circuit has n synchro-
nous word decision devices corresponding to the n kinds of
changes of the sync words, and performs sync word decision
by making the n synchronous word decision devices operate
in parallel.

In addition, the frame synchronous circuit has a function
for checking whether a sync word 1s 1nserted at a predeter-
mined position of a frame subsequently received so as to
coniirm that the sync word decision 1s a decision to a real
sync word (a backward protection function), and a function
for confirming that a sync word 1s inserted at a predeter-
mined position of a frame so as to confirm synchronization
also after the establishment of synchronization (forward
protection function).

In addition, so as to correct the uncertainty of the serial-
parallel converter, the frame synchronous circuit performs
leading-edge positioning and column change of data in each
column through means for deciding after the establishment
of synchronization into what kind of sync word the apparent
sync word changes according to the result of the decision.

Since the above-described frame synchronous circuit has
n synchronous word decision devices, this circuit has a
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probability of causing erroncous synchronization that 1s n
times higher than that of a conventional frame synchronous
circuit having only one synchronous word decision device.
Similarly, when synchronization becomes out of step, a
probability of not deciding out-of-step synchronization in
forward protective operation increases n-fold. Therefore, by
deciding after the establishment of synchronization into
what kind of sync word the apparent sync word changes, the
frame synchronous circuit disables the synchronous word
decision devices not corresponding to the apparent sync
word to output signals.

Owing to this, it 1s possible to enhance the decision
accuracy of the out-of-step synchronization at the time of the
erroneous synchronization and out-of-step synchronization
to those 1n the conventional technology. In consequence, 1t
becomes possible to shorten the pull-in time and to prevent
erroneous synchronization.

In addition, since the above-described frame synchronous
circuit has n synchronous word decision devices, a prob-
ability of causing the erroneous synchronization increases
n-fold as many as that in the conventional frame synchro-
nous circuit having only one synchronous word decision
device. For this reason, the frame synchronous circuit
decides at the first sync word decision into what kind of sync
word an apparent sync word changes. Then, the frame
synchronous circuit disables the synchronous word decision
devices not corresponding to the change of the apparent sync
word to output signals when checking whether a sync word
1s 1nserted at a predetermined position of a frame subse-
quently received according to the decision.

Owing to this, only one synchronous word decision
device operates 1n the backward protective operation, and
hence 1t 1s possible to enhance the probability of synchro-
nization decision to the probability in the conventional
technology. In consequence, 1t becomes possible to shorten
the pull-in time and to prevent erroneous synchronization.

Furthermore, the above-described frame synchronous cir-
cuit disables the synchronous word decision devices, not
corresponding to the change of the apparent sync word, to
output signals after the establishment of synchronization
with the means for deciding into what kind of sync word the
apparent sync word changes. Owing to this, 1t becomes
possible to shorten the pull-in time and to prevent erroneous
synchronization.

BRIEF DESCRIPTION OF THE DRAWINGS

This above-mentioned and other objects, features and
advantages of this invention will become more apparent by
reference to the following detailed description of the inven-
tfion taken 1n conjunction with the accompanying drawings,
wherein:

FIG. 1 1s a block diagram showing the configuration of a
frame synchronous circuit according to a first embodiment
of the present invention;

FIG. 2 1s a timing chart showing the operation of the first
embodiment of the present invention;

FIG. 3 1s a block diagram showing the configuration of a
frame synchronous circuit according to a second embodi-
ment of the present mnvention;

FIG. 4 1s a block diagram showing the configuration of a
frame synchronous circuit according to a third embodiment
of the present invention;

FIG. § 15 a block diagram showing the configuration of a
frame synchronous circuit according to a fourth embodiment
of the present invention; and
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FIG. 6 1s a block diagram showing the configuration of a
conventional frame synchronous circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

Next, embodiments of the present 1nvention will be
described with reference to drawings. FIG. 1 1s a block
diagram showing the configuration of a frame synchronous
circuit according to a first embodiment of the present
invention. In FIG. 1, a frame synchronous circuit (FSYNC)
1 comprises synchronous word decision devices 11 to 14, an
OR circuit (OR) 15, a selection circuit (SEL) 16, an aperture
circuit 17, an inverter 18, a backward protection circuit 19,
a forward protection circuit 20, a tlip-tlop circuit 21, a frame
counter circuit 22, and a leading-edge positioning/column
change circuit 23.

Here, 1t 1s assumed that four lines of low-speed digital
signals, 1nto which one line of a high-speed digital signal 1s
serial-parallel-converted in a serial-parallel converter (S/P)
2, are 1mputted to the frame synchronous circuit 1 described

above. Stmilarly, it 1s assumed that a sync word 1s composed
of 4 bits.

The synchronous word decision devices 11 to 14 receive
four lines of low-speed digital signals from the serial-
parallel converter 2 and decide frame synchronization by
each comparing a sync word (SW), added in a frame, with
a sync word held 1n its own circuit.

The OR circuit 15 synthesizes respective outputs of the
synchronous word decision devices 11 to 14 and outputs the
result synthesized to the aperture circuit 17. The selection
circuit 16 fetches after the establishment of synchronization
only one of outputs of the synchronous word decision
devices 11 to 14 that corresponds to the change of the
apparent synchronous word.

The aperture circuit 17 applies an aperture to the synthe-
sized output from the OR circuit 15 and outputs a signal, to
which the aperture 1s applied, to the mverter 18 and back-
ward protection circuit 19. The mverter 18 inverts the output
of the aperture circuit 17 and outputs the inverted output to
the forward protection circuit 20.

The backward protection circuit 19 confirms that the first
sync word decision 1s the decision to the real sync word. The
forward protection circuit 20 confirms that a sync word 1s
inserted at a predetermined position of a frame so as to
confirm the synchronization also after the establishment of
synchronization. The flip-flop circuit 21 holds respective
outputs of the backward protection circuit 19 and forward

protection circuit 20, and outputs a signal as a synchroni-
zation signal (SYNC).

The frame counter circuit 22 estimates a predetermined
position of a frame, subsequently received, at the time of
applying a narrow aperture. The leading-edge positioning/
column change circuit 23 performs leading-edge positioning
and column change of data 1n each column according to the
output of the selection circuit 16.

FIG. 2 1s a timing chart showing the operation of the first
embodiment of the present invention. The operation of the
first embodiment of the present invention will be described
in detail with reference to FIGS. 1 and 2.

The serial-parallel converter 2 converts the received high-
speed digital signal into four lines of low-speed digital

= -

signals, and outputs the four lines of low-speed digital
signals to the frame synchronous circuit 1. Owing to this, a
circuit treating the high-speed digital signal becomes only
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the serial-parallel converter 2 having simple circuit configu-
ration. Therefore, the frame synchronous circuit 1 having
complicated circuit configuration in many cases treats low-
speed digital signals that are at a ¥4 speed of the high-speed
digital signal. Thus, 1t 1s possible to limit devices, treating
the high-speed digital signal, to a minimum.

Here, as shown in FIG. 2, with depending on distribution
of sync words to each column due to the uncertainty of the
serial-parallel converter 2, the apparent sync words change
in four kinds (for example, a pattern having the parallel data
#1 as a first data, a pattern having the parallel data #2 as a
first data, a pattern having the parallel data #3 as a first data,
and a pattern having the parallel data #4 as a first data).
Then, there are provided synchronous word decision devices
11 to 14 corresponding to the four kinds of apparent sync
words respectively. By making these synchronous word
decision devices 11 to 14 operate 1n parallel, sync word
decision can be obtained even if the sync words are changed
into any kinds of sync words.

Respective outputs of the four synchronous word decision
devices 11 to 14 are synthesized by the OR circuit 15, and
are outputted to the aperture circuit 17. The processing 1n
and after the aperture circuit 17, that 1s, the processing of the
establishment of synchronization 1s the same as that in
conventional technology. Thus, a first sync word decision 1s
performed with the open aperture method, and the sync word
decision at the time of backward protection i1s performed
with the narrow aperture method.

In addition, 1t 1s also the same as the conventional
technology to perform forward protection with the narrow
aperture method after the establishment of synchronization.
Points different from the conventional technology are as
follows. That 1s, a first different point 1s that 1t 1s decided by
the selection circuit 16 into what kind of sync word an
apparent sync word changes after the establishment of
synchronization, and column change 1s performed in the
leading-edge positioning/column change circuit 23 on the
basis of the result of the decision so that a leading bit of the
sync word may become a first column of parallel data.
Another different point 1s to perform the leading-edge posi-
tioning of each column 1n the leading-edge positioning/
column change circuit 23 so that the sync word may become
in the same time slot.

Furthermore, 1t 1s possible to get the same output as that
in the conventional frame synchronous circuit when the
leading-edge positioning and column change by this
leading-edge positioning/column change circuit 23 are com-
pleted.

Difference of the first embodiment of the present mnven-
tion from conventional technology (for example, a tolerance
system) 1s as follows. It is the same in the first embodiment
and the conventional tolerance system that a real sync word
changes 1nto a plurality of apparent sync words and a
plurality of synchronous word decision devices capable of
corresponding to this change are provided.

Nevertheless, the conventional tolerance system 1s a
frame synchronization system capable of corresponding to
the change of the sync word at a phase of an input signal to
the serial-parallel conversion 2 1n the first embodiment of
the present mvention. Against this, the frame synchronous
circuit 1 according to the first embodiment of the present
invention 1s essentially different from the conventional one
in such a point that the frame synchronous circuit 1 1s a
frame synchronization system capable of corresponding to
the change of the sync word by means of the serial-parallel
conversion operation of the serial-parallel converter 2 that 1s
a component of the frame synchronous circuit 1.




US 6,603,777 Bl

7

Similarly, 1n the conventional tolerance system, a frame
synchronous circuit 1s effective only against a high-speed
digital signal before the serial-parallel conversion.
Therefore, 1t 1s 1mpossible to achieve the reduction of
devices, treating the high-speed digital signal, that 1s the
object of the present invention.

On the other hand, in the synchronous word decision
devices 11 to 14 1n the first embodiment of the present
invention, the conventional tolerance system can be adopted.
This 1s also a reason why the first embodiment of the present
invention 1s essentially different from the conventional tol-
crance system.

FIG. 3 1s a block diagram showing the configuration of a
frame synchronous circuit according to a second embodi-
ment of the present invention. In FIG. 3, the second embodi-
ment of the present invention has the same configuration as
that of the first embodiment of the present invention that 1s
shown 1 FIG. 1 except that a switch circuit 31 1s provided
between the OR circuit 15 and aperture circuit 17. In FIG.
3, the same reference numerals are assigned to the same
components. In addition, the operation of the same compo-
nents 1s the same as that in the first embodiment of the
present mvention.

The switch circuit 31 selects the output of the OR circuit
15 1 a state of out-of-step synchronization, and selects the
output of the selection circuit 16 1n a state of synchroniza-
tion. Thus, since the switch circuit 31 selects the output of
the OR circuit 15 1n the state of out-of-step synchronization,
the pull-1n processing, leading-edge positioning, and column
change are the same processing as that in the first embodi-
ment of the present mnvention. Difference between the first
and second embodiments i1s the operation after the estab-
lishment of synchronization.

The frame synchronous circuit 1 according to the first
embodiment of the present invention has four synchronous
word decision devices 11 to 14. Therefore, a probability of
causing the erroneous synchronization increases four-fold as
many as that in the conventional frame synchronous circuit
having only one synchronous word decision device.
Similarly, when the synchronization becomes out of step, the
probability of not deciding out-of-step synchronization in
forward protective operation according to the first embodi-
ment of the present invention increases four-fold.
Furthermore, the pull-in time 1n the first embodiment of the
present ivention becomes long.

Against this, 1n the second embodiment of the present
invention, a frame synchronous circuit 3 decides after the
establishment of synchronization into what kind of sync
word the apparent sync word changes. Moreover, the frame
synchronous circuit 3 disables the devices, which do not
correspond to the apparent sync word, among the synchro-
nous word decision devices 11 to 14, to output signals to the
aperture circuit 17.

After the establishment of synchronization, the switch
circuit 31 selecting one of the outputs of the synchronous
word decision devices 11 to 14 selects an output of the
selection circuit 16. The output of the selection circuit 16 1s
only one of the outputs of the synchronous word decision
devices 11 to 14 that corresponds to the change of the
apparent sync word. Therefore, 1n the forward protective
operation, only one device among the synchronous word
decision devices 11 to 14 1s used.

Owing to this, when the out-of-step synchronization
arises, a probability of erroncously detecting a sync word
decreases, and a probability of deciding the out-of-step
synchronization becomes equal to that in the conventional
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technology. On the other hand, similarly to the case of the
first embodiment of the present invention, a probability of
causing erroncous synchronization remains four-fold in
comparison with that in the conventional technology.
Nevertheless, since a probability of deciding the out-of-step
synchronization just after the erroneous synchronization
increases even 1f the erroneous synchronization arises, 1t 1s
possible to shorten the pull-in time and to prevent the
erroneous synchronization.

FIG. 4 1s a block diagram showing the configuration of a
frame synchronous circuit according to a third embodiment
of the present invention. In FIG. 4, the third embodiment of
the present mvention has the same configuration as that of
the second embodiment of the present invention, which 1s
shown 1 FIG. 3, except that a selection circuit 41 fetches
only one of the outputs of the synchronous word decision
devices 11 to 14, which corresponds to the change of an
apparent sync word, on the basis of a synchronization signal
from the flip-flop circuit 21 and an estimated position from
the frame counter circuit 22. In FIG. 4, the same reference
numerals are assigned to the same components. In addition,
the operation of the same components 1s the same as that in
the second embodiment of the present invention.

Also, 1n the third embodiment of the present invention,
similarly to the second embodiment of the present invention,
the switch circuit 31 selects the output of the OR circuit 15
in a state of out-of-step synchronization, and selects the
output of the selection circuit 41 1n a state of synchroniza-
tion. Hence, the pull-in processing, leading-edge
positioning, and column change are the same processing as
that 1 the first embodiment of the present invention.

The frame synchronous circuit 1 according to the first
embodiment of the present invention has four synchronous
word decision devices 11 to 14. Therefore, a probability of
causing the erroneous synchronization increases four-fold as
many as that in the conventional frame synchronous circuit
having only one synchronous word decision device.
Similarly, the pull-in time in the first embodiment of the
present 1nvention becomes long.

Against this, in the third embodiment of the present
invention, a frame synchronous circuit 4 decides at the time
of a first sync word decision 1nto what kind of sync word the
apparent sync word change. Moreover, the frame synchro-
nous circuit 3 disables the devices, which do not correspond
to the change of the apparent sync word, among the syn-
chronous word decision devices 11 to 14, to output signals
to the aperture circuit 17 at the time of performing backward
protective operation according to the decision.

The switch circuit 31 selecting one of the output of the
synchronous word decision devices 11 to 14 until a first sync
word decision selects the output of the OR circuit 15. After
the first sync word decision, the selection circuit 41 selects
only one of the outputs of the synchronous word decision
devices 11 to 14 that performed the first sync word decision.
At the same time, the switch circuit 31 selects the output of
the selection circuit 41. In addition, when the pull-in 1s
succeeded, the switch circuit 31 selects the output of the OR
circuit 15 again.

By performing above operation, the frame synchronous
circuit 4 corresponds to the change of the apparent sync
word and only one of the synchronous word decision
devices 11 to 14 operates 1n the backward protective opera-
tion. Therefore, 1t 1s possible to shorten the pull-in time and
to prevent the erroneous synchronization.

FIG. § 15 a block diagram showing the configuration of a
frame synchronous circuit according to a fourth embodiment
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of the present invention. In FIG. §, a frame synchronous
circuit 5 comprises the synchronous word decision devices
11 to 14, a selection circuit (SEL) 51, the aperture circuit 17,
inverter 18, backward protection circuit 19, forward protec-
tion circuit 20, thip-flop circuit 21, frame counter circuit 22,
and leading-edge positioning/column change circuit 23.

Here, it 1s assumed that four lines of low-speed digital
signals, 1nto which one line of a high-speed digital signal 1s
serial-parallel-converted 1n a serial-parallel converter 2, are
inputted to the frame synchronous circuit § described above.
Similarly, it 1s assumed that a sync word comprises 4 bits.

The synchronous word decision devices 11 to 14 receive
four lines of low-speed digital signals from the serial-
parallel converter 2 and decide frame synchronization by
cach comparing a sync word, added 1 a frame, with a sync
word held 1n 1ts own circuit.

The selection circuit 51 fetches only one of outputs of the
synchronous word decision devices 11 to 14, which corre-
sponds to the change of the apparent synchronous word,
after the establishment of synchronization. The aperture
circuit 17 applies an aperture to the output from the selection
circuit 51 and outputs a signal, to which the aperture is
applied, to the inverter 18 and backward protection circuit
19. The mverter 18 mverts the output of the aperture circuit
17 and outputs the inverted signal to the forward protection
circuit 20.

The backward protection circuit 19 confirms that the first
sync word decision 1s the decision to a real sync word. The
forward protection circuit 20 confirms that a sync word 1s
inserted at a predetermined position of a frame so as to
confirm the synchronization also after the establishment of
synchronization. The flip-flop circuit 21 holds respective
outputs of the backward protection circuit 19 and forward

protection circuit 20, and outputs a signal as a synchroni-
zation signal (SYNC).

The frame counter circuit 22 estimates a predetermined
position of a frame, subsequently received, at the time of
applying a narrow aperture. The leading-edge positioning/
column change circuit 23 performs leading-edge positioning
and column change of data 1n each column according to the
output of the selection circuit 16.

The frame synchronous circuit 1 according to the first
embodiment of the present invention has four synchronous
word decision devices 11 to 14. Therefore, a probability of
causing the erroneous synchronization increases four-fold as
many as that in the conventional frame synchronous circuit
having only one synchronous word decision device.
Similarly, when the synchronization becomes out of step, a
probability of not deciding out-of-step synchronization in
forward protective operation according to the first embodi-
ment of the present invention also increases four-fold. In
addition, the pull-in time 1n the first embodiment of the
present mvention becomes long.

Against this, in the fourth embodiment of the present
invention, a frame synchronous circuit 5 decides at the time
of a first sync word decision 1nto what kind of sync word the
apparent sync word changes. Moreover, the frame synchro-
nous circuit § disables the devices, which do not correspond
to the change of the apparent sync word, among the syn-
chronous word decision devices 11 to 14, to output signals
to the aperture circuit 17 according to the decision.

Ditference of the fourth embodiment of the present inven-
tfion from the second and third embodiments 1s that only one
of outputs of the synchronous word decision devices 11 to 14
1s used 1n both of the backward protective operation and
forward protective operation.
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After the first sync word decision, the selection circuit 51
selects only one of outputs of the synchronous word decision
devices 11 to 14 that performed the first sync word decision,
and uses this for backward protection and forward protec-
tion. Owing to this, the probability of causing the erroneous
synchronization and the probability of deciding the out-of-
step synchronization become equal to those in the conven-
tional technology. Therefore, 1t 1s possible to shorten the
pull-in time and to prevent the erroneous synchronization.

In this manner, by providing the frame synchronous
circuit 1, 3, 4, or § performing the frame synchronization
after the serial-parallel conversion in the serial-parallel
converter 2 converting a digital signal into parallel digital
signals, and providing 1n this frame synchronous circuit 1, 3,
4, or 5 the synchronous word decision devices 11 to 14, the
backward protection circuit 19 checking whether a sync
word 1s 1nserted at a predetermined position of a frame,
subsequently received, so as to confirm that the synchronous
word decision 1s the decision to the real sync word, the
forward protection circuit 20 confirming that a sync word 1s
inserted at a predetermined position of a frame so as to
coniirm the synchronization also after the establishment of
synchronization, the selection circuit 16, 41, or 51 deciding
after the establishment of synchronization into what kind of
sync word an apparent sync word changes, and the leading-
edge positioning/column change circuit 23 performing
leading-edge positioning/column change of data in each
column according to the decision, it 1s possible to make
devices, treating the high-speed digital signal, 1n the mini-
mum and simple configuration. Therefore, 1t 1s possible to
reduce devices that treat the high-speed digital signal, and 1s
expensive and poor market-availability, and hence it 1is
possible to reduce the cost of an apparatus and to increase
the market-availability of parts.

In addition, by making the devices, treating the high-
speed digital signal, in the minimum and simple
conilguration, 1t 1s possible to reduce devices that treat the
high-speed digital signal and have large power consumption
and heat generation. Therefore, 1t 1s possible to reduce power
consumption and heat generation of the apparatus.

Furthermore, only one of outputs of the synchronous
word decision devices 11 to 14 that corresponds to the
change of the apparent sync word 1s used i1n the forward
protective operation or backward protective operation, or
both protective operations. Therefore, 1t 1s possible to
achieve the pull-in time and erroneous synchronization rate
cquivalent to those 1n the conventional technology.

As described above, according to the present invention, in
a frame synchronous circuit that receives a high-speed
digital signal, to which sync words each comprising a
plurality of bits are periodically inserted, and establishes the
frame synchronization, by converting the high-speed digital
signal into n (n is a positive integer) lines of parallel digital
signals, establishing the frame synchronization by n syn-
chronous word decision devices on the basis of the parallel
digital signals, and performing the leading-edge positioning
and column change of data 1n each column according to the
outputs of the synchronous word decision devices, 1t 1s
possible to obtain such effects that 1t 1s possible to limit
devices, treating the high-speed digital signal, to the mini-
mum without deteriorating the frame pull-in time and erro-
neous synchronization rate, and to perform cost reduction of
an apparatus, mncrease of market-availability of parts, and
decrease of power consumption and heat generation of the
apparatus.

What 1s claimed 1s:

1. A method for establishing frame synchronization that
receives a high-speed digital transmission signal, wherein
sync words comprising plural bits are periodically inserted,

comprising:
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A) converting the high-speed digital signal mto n (n is a
positive integer) lines of parallel digital signals;

B) establishing the frame synchronization by n synchro-
nous word decision devices on the basis of parallel
digital signals; and

C) performing leading-edge positioning and column
change of data 1in each column by selecting outputs of
the synchronous word decision devices on the basis of
said established frame synchronization.

2. The method according to claim 1, wherein the method
specifies one of the n synchronous word decision devices
after synchronization decision and disables other synchro-
nous word decision devices to output decision results.

3. The method according to claim 1, wherein the method
specifles one of the n synchronous word decision devices at
the time of performing backward protective operation for
reconfirming the sync word and disables other synchronous
word decision devices to output decision results.

4. The method according to claim 3, wherein the method
specifles one of the n synchronous word decision devices
after synchronization decision and disables other synchro-
nous word decision devices to output decision results.

5. An apparatus for establishing frame synchronization
that receives a high-speed digital transmaission signal, where
sync words each composed of plural bit are periodically
inserted, comprising;

a serial-parallel converter for converting the high-speed
digital signal into n (n is a positive integer) lines of
parallel digital signals;

n synchronous word decision devices for deciding pres-
ence of the frame synchronization so as to establish the

frame synchronization on the basis of the parallel
digital signals converted by the conversion means; and
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a leading-edge positioning/column change circuit for per-
forming leading-edge positioning and column change
of data 1n each column according to outputs of the
synchronous word decision devices.

6. The apparatus according to claim §, further comprising:

specification means for specilying a synchronous word
decision device, which decided the frame
synchronization, from among the n synchronous word
decision devices; and

means for disabling other synchronous word decision
devices except the synchronous word decision device,

speciflied by the specification means, to output decision
results.
7. The apparatus according to claim 5, further comprising;:

specification means for specifying a synchronous word
decision device, which decided the frame
synchronization, from among the n synchronous word
decision devices at the time of performing backward
protective operation for reconfirming a sync word; and

disabling means for disabling other synchronous word
decision devices except the specified synchronous
word decision device to output decision results.

8. The apparatus according to claim 7, further comprising;:

specification means for specilying a synchronous word
decision device, which decided the frame
synchronization, from among the n synchronous word
decision devices after synchronization decision; and

disabling means for disabling other synchronous word
decision devices except the specified synchronous
word decision device to output decision results.
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